The aqueous ethanol extract of Thalassia testudinum leaves (BM-21) is now being developed in Cuba as an herbal medicine due to its promising pharmacological properties. Although some interesting biological activities of BM-21 have already been reported, its chemical composition remains mostly unknown. Thus, we now describe the qualitative and quantitative analyzes of BM-21 using standard phytochemical screening techniques, including colorimetric quantification, TLC and HPLC analyses. Phytochemical investigation of BM-21 resulted in the isolation and identification of a new phenolic sulfate ester (1), along with ten previously described phenolic derivatives (2-11), seven of which have never been previously reported from the genus Thalassia. The structures of these compounds were established by analysis of their spectroscopic (1D and 2D NMR) and spectrometric (HRMS) data, as well as by comparison of these with those reported in the literature. Furthermore, BM-21 was found to exhibit strong antioxidant activity in four different free radical scavenging assays (HO • , RO 2 • , O 2 -• and DPPH • ). Consequently, this is the first study which highlights the phytochemical composition of BM-21 and demonstrates that this product is a rich source of natural antioxidants with potential applications in pharmaceutical, cosmetic and food industries.
Sea grasses are a rich source of secondary metabolites, particularly simple, conjugated, and polymeric phenolic metabolites [1] . Phenolic compounds from sea grasses include sulfated flavonoids, a group of conjugated metabolites for which the sulfate component is believed to represent a marine adaptation. A new family of sulfated flavone glycosides, named thalassiolins A-C, was discovered from a T. testudinum specimen collected in the Bahamas Islands [2a,2b] . These compounds were proven to be inhibitors of HIV cDNA integrase [2b] , and thalassiolin A, the most active of these molecules had been previously reported as a chemical defense for T. testudinum against fouling microorganisms [2a] . A high content of sulfated metabolites was recently detected in T. testudinum volatile oil, where ethyl (Z)-1-propenyl disulfide was the major component (31%) [3a] . More recently, a lipophilic fraction rich in benzene derivatives was found to exhibit strong in vitro scavenging activity against six free radicals; and its topical application strikingly reduced skin damage on mice exposed to acute UVB radiation and significantly attenuated the lipid peroxidation in vivo after acute exposure to UVB irradiation [3b] .
The product of the aqueous ethanolic extract of T. testudinum leaves, named , has been found to exhibit significant pharmacological properties, such as: in vitro hepatoprotective effects against hepatotoxicity induced by t-butyl-hydroperoxide, ethanol and LPS in primary cultured rat hepatocytes [3d], antiinflammatory properties [3e], and also promotes the recovery of irradiation damaged dermis and the normal properties of the epidermis. The bioassay guided fractionation of BM-21 resulted in the isolation of thalassiolin B, which showed antioxidant activity and markedly reduced the skin UVB-induced damage [3f]. More recently, BM-21 and thalassiolin B were found to exhibit an antinociceptive effect mediated by the inhibition of acid-sensing ionic channels (ASIC). Thalassiolin B was the first ASIC inhibitor of phenolic nature [3g]. However, the phytochemical composition of BM-21 has never been reported so far.
In this context, our present work has focused on the phytochemical study of BM-21, which includes its metabolomic qualitative and quantitative analysis by phytochemical screening, colorimetric quantification, TLC and HPLC analysis, as well as quantification of its heavy metals content by flame ionization detection. Using a combination of chromatographic techniques (flash chromatography, HPLC), 11 compounds were isolated from BM-21 and their structures were established by spectroscopic and spectrometric techniques (ESIMS, 1D and 2D NMR) . Furthermore, the antioxidant capacity of BM-21 was also assessed by four well established in vitro free radical scavenging models.
Qualitative phytochemical analysis conducted on BM-21 using a combination of two standard phytochemical screening tests [4a,4b] revealed the presence of triterpene-steroids, tannins, phenols, flavonoids, proanthocyanins, saponins and reducing sugars. Among these, phenolic compounds were found to be the most abundant components. Curiously, the results from phytochemical quantifications ( Table 1 ) of this extract showed it to have a higher total phenolic content (29.5 ± 1.2%) than that of the previous extract (18 ± 1.5%) obtained from a specimen of T. testudinum collected at "La Concha" beach (22° 05' 45'' N, 82° 27' 15'' W)
[3f]. Furthermore, metabolites of phenolic nature (flavonoids and proanthocyanidins) were detected in significant concentrations (4.6 ± 0.2 and 21.0 ± 2.3%, respectively) in this extract. Also, the proanthocyanidins (condensed tannins) content in this extract was found to be higher than those previous reported, which ranged from 10 to 150 mg tannin per g of tissue, dry mass (DM), in leaves and up to 250 mg tannin per g of DM in roots and rhizomes [1, 5] . Additionally, other primary metabolites were quantified and results are shown in Table 1 . Fractionation of BM-21 by RP-C 18 flash chromatography furnished a brown syrupy fraction, which was further purified by column chromatography. Subsequent purification by HPLC-DAD resulted in the isolation of eleven pure metabolites (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) and, after structure elucidation and literature search, compound 1 was found to be a new metabolite. Compound 1 was isolated as a white amorphous solid with a molecular formula of C 9 H 10 O 6 S, which was established by the HRESIMS (m/z 269.0096 [M + Na] + ). The 1 H NMR spectrum of 1 showed signals at δ 7.80 (2H, d, J=8.8 Hz, H-2) and 6.84 (2H, d, J=8.8 Hz, H-3), characteristic of a para disubstituted aromatic ring, as well as two signals at δ 4.24 (2H, q, J=7.2 Hz, H-2') and 1.29 (3H, t, J=7.1 Hz, H-3'), corresponding to an ethyl ester group. In the 13 C NMR spectrum, resonances of the disubstituted benzene ring at δ 161.9 (s), 131.3 (d), 120.5 (s), and 115.3 (d) were observed, as well as an ester group at δ 165.7 (s), and an ethyl ester at δ 60.0 (t) and 14.3 (q). HMBC ( Figure 1 ) and HSQC correlations further led to the construction of the structure of 1, which was consistent with a phenol sulfate ester derivative and fitted with the molecular formula. NMR data comparison with other analogues from marine sources confirmed this assumption [6] .
On this basis, the structure of compound 1 was established as ethyl 4-(sulfooxy)benzoate. The biosynthesis of compound 1 could be postulated to arise directly from the sulfation and esterification of 4-hydroxybenzoic acid (2), a metabolite commonly found in plants and also detected in T. testudinum. Interestingly, 4-(sulfooxy) cinnamic acid, commonly known as zosteric acid was discovered from the seagrass Zostera marina and, together with other synthetic sulfate ester analogues, have offered promise for the development of environmentally benign antifouling agents [7] . Metabolites 2-11 (figure 1, supplementary data) were identified as 4-hydroxybenzoic acid (2) (6), apigenin 7-O-β-D-glucopyranoside (7), 5,7-dihydroxy-3',4'-dimethoxyflavone 7-O-β-D-glucopyranoside (8), luteolin-3'-sulfate (9), chrysoeriol (10) and apigenin (11) by a combination of spectroscopic methods (MS, 1D and 2D NMR) and comparison with literature data [2b, 8a-8e] . Compounds 3 and 6-11 are herein reported for the first time in a Thalassia species. The RP-C 18 analytical HPLC-DAD-ELSD profile of BM-21 clearly showed the abundant 21-min peak (figure 2, supplementary data), corresponding to thalassiolin B (4), and proved its high concentration in this product, which was consistent with the TLC analysis. LC-ESIMS analysis employing the same conditions showed the ion at m/z 541 ([M-H] -) confirming the identity of this major metabolite. Previous quantification of thalassiolin B by using analytical-scale HPLC peak integration was equivalent to 5.8 ± 0.3% (w/w) of the crude extract [3g]. TLC analysis of BM-21 confirmed the results obtained from our phytochemical quantification (see details in supplementary data, figure 3 ). The high intensity and diameter of the orange spot corresponding to thalassiolin B (Rf = 0.35) clearly indicated that its concentration in BM-21 is relatively high when compared with other flavonoid derivatives.
Seagrasses are marine angiosperms that colonize seashore environments, and concern has arisen over increasing concentrations of metals in these systems. Sea grasses, being primary producers, may be utilized as the first level indicator for monitoring trace metal levels in the coastal marine environment. It has been established that seagrasses sequester trace metals from the marine environment via leaves, as well as root-rhizomes and these concentrations can be correlated with the water column and sediments, respectively [9a] . Concentrations of the heavy metals under study (Cd, Pb and Hg) were below the limits of acceptance established for these toxic metals [9b], meaning that BM-21 fulfills the requirements of an active product to be used in human consumption. Results concerning the antioxidant capacity of BM-21 and the standards used are shown in Table 2 and Figure 4 (supplementary data). In cell-free systems, BM-21 showed a dose-dependent scavenging effect on the OH • radical (IC 50 = 171.0 ± 2.8 µg/mL) where the optimal activity (greater than 80%) was seen at doses of 2 mg/mL as no additional effect was observed by increasing the concentration of BM-21. It also showed a dose dependent elevation of the scavenging activity of the RO 2 • radical (IC 50 = 131.0 ± 3.2 µg/mL), up to a concentration of 1 mg/mL, where 99.4 ± 0.4% scavenging was detected, and no further increase of the effect was observed at higher concentrations. The extract also scavenged the O 2 -• radical in a dose dependent manner (IC 50 value of 154 µg/mL). Maximum scavenging capacity (81.4 ± 2.7%) occurred at 1 mg/mL Phytochemical analysis and antioxidant capacity of BM-21 Natural Product Communications Vol. 7 (1) 2012 49 since no additional effect was observed at higher concentrations. Besides, BM-21 also scavenged DPPH • dose-dependently with a maximal effect of 75.8 ± 2.4% and an IC 50 value of 161.0 ± 3.7 μg/mL, which did not show significant difference from that previously reported for the same product obtained from T. testudinum collected at "La Concha" beach [3f]. On the other hand, the new compound, ethyl 4-(sulfooxy)benzoate (1) was assayed for DPPH radical trapping activity and was found not to scavenge this radical at concentrations >400 μg/mL.
Excessive amounts of ROS formation, including OH • , O 2 -• and RO 2
• , are deleterious to various physiologically important molecules [10] . Thus, the ability of BM-21 to quench these natural formed radical species may prevent initiation and propagation of lipid peroxidation thus reducing its deleterious effects on living cells. Therefore, it is possible that the cytoprotective capacities previously described for BM-21 [3d,3f] may be attributed, at least in part, to its antioxidant properties. A previous work has demonstrated that thalassiolin B (4), the major component isolated from BM-21, exhibited a DPPH trapping effect [3f] . Other minor flavones identified as components of BM-21, such as chrysoeriol (10) and apigenin (11) , are known to exhibit a broad spectrum of pharmacological properties, including free radical scavenging effects [8a,11] . In addition, flavone glycosides: chrysoeriol 7-O-β-D-glucopyranoside (6), apigenin 7-O-β-D-glucopyranoside (7) and 5,7-dihydroxy-3',4'-dimethoxyflavone 7-O-β-D-glucopyranoside (8) also possess strong antioxidant capacities [12a-12c] . Thus, the multiple free radical capacity of BM-21 may be justified in a great part by its high content of diversified molecular scaffolds of phenolic nature.
Experimental
General: UV measurements were obtained on a Shimadzu UV-1201 spectrophotometer. Aluminum sheets (4.5×10 cm), coated with silica gel 60 F 254 , were used for analytical TLC, and compounds were visualized under UV light with a Vilber Lourmat lamp and subsequently detected after spraying with chemical reagents and heating. HPLC analyzes were carried out on a Waters 600 system equipped with a Waters 717 plus autosampler, and a Waters 996 photodiode array detector coupled with a Sedex 55 evaporative light-scattering detector (Sedere, France). NMR experiments were performed on a Bruker Avance 500 MHz spectrometer. Chemical shifts (δ in ppm) are referenced to the carbon (δ C 39.52) and residual proton (δ H 2.50) signals of (CD 3 ) 2 SO. Low resolution electrospray ionization (ESI) MS were recorded on a Bruker Esquire 3000 Plus spectrometer in the positive or negative mode. HRESIMS were conducted on a LTQ Orbitrap mass spectrometer (Thermo Finnigan). Phytochemical studies: Screening for major constituents was undertaken using two qualitative methods [4a,4b] . Quantification of metabolite families was performed by standard phytochemical reaction methods using UV detection: total polyphenols [9b], flavonoids [13a] (254 nm) and in long wave UV light (365 nm) after spraying with NP-PEG solution (1% methanolic diphenylboryloxyethylamine and 5% ethanolic polyethyleneglycol 4000). Typical intense fluorescence in UV light at λ = 365 nm was produced immediately on spraying (flavonoids appeared as orange-yellow spots, whereas phenolic acids formed blue fluorescent zones) [13h] . Thalassiolin B, the major compound in BM-21, and pyrogallol were used as references. Flavonoids were identified as orange and yellow fluorescent spots. 
Plant material: Thalassia testudinum

Extraction and isolation: Dried and ground leaves of
Antioxidant activity (more details in the supplementary data) Assay of hydroxyl radical (HO • ) scavenging activity:
The experiments were performed according to the modified method of Aruoma [14a] . Deoxyribose damage was assessed by determining thiobarbituric acid reactive substances (TBARS) according to [14b] . Assay of peroxyl radical (RO 2 • ) scavenging effects: The assay was performed according to a modification of the method described by [14c] . The degree of ABAP-mediated oxidation was measured by TBARS assay and protein concentration was estimated by a modification of the Lowry procedure [14d]. Assay of superoxide anion (O 2 •− ) scavenging activity: This test was assessed according to [14e] . Assay of 2,2-diphenyl-2-picrylhydrazyl (DPPH • ) scavenging activity: The experiments were carried out according to the method previously described [14f], with minor modifications.
Quantification of heavy metals:
Metal extraction was carried out by digesting 0.5 g of BM-21 in 10 mL of concentrated HNO 3 in Teflon® bombs in a microwave oven. The extracts were made up to 25 mL with distilled water and, later on, samples were diluted 50 times more. Concentrations of Cd, Pb and Hg were determined by flame atomic absorption spectrophotometry (AAS) using a Perkin-50 Natural Product Communications Vol. 7 (1) 2012 Regalado et al.
Elmer 2100 spectrophotometer with background deuterium correction. Quality control was carried out by parallel analysis of certified reference material.
Supplementary data: Details on the antioxidant assays, structures of 1-11, HPLC-DAD-ELSD profile, TLC analysis of BM-21, dose-response curve for the antioxidant assays. 1 H, 13 C, HSQC and HMBC NMR spectra for compound 1 are also available.
